It is shown that geometric connection field excitations acquire mass terms from a geometric background substratum related to the structure of space-time. Commutation relations in the electromagnetic su(2) Q sector of the connection limit the number of possible masses. Calculated results, within corrections of order α, are very close to the masses of the intermediate W, Z bosons.
Introduction
In the standard model of particle theory it is accepted that interaction fields may acquire mass by the Higg's mechanism. 1 On the other hand, many properties of particle are related to the space-time structure of special relativity. Therefore it should not be a great surprise that there is a curved geometry 2 , fundamentally associated to the spacetime structure of general relativity, whose field equations determine a particular substratum solution that provides a constant mass parameter for the linear Yukawa 3 equations obeyed by its excitations. The connection excitations may represent geometric bosonic particles.
The geometry is related to a connection Γ in a principal fiber bundle (E,M,G). The structure group G is SL(4,R) and the even subgroup G + is SL 1 (2,C). The subgroup L (Lorentz) is the subgroup of G + with real determinant, in other words, SL(2,C). Electromagnetism is associated to an SU(2) Q subgroup. Matter is represented by a current J expresed in terms of a principal fiber bundle section e, which is related by charts (coordinates) to matrices of the group SL(4,R). This structure defines a frame of SL(4,R) spinors over space-time. The connection is an sl(4,R) 1-form that acts naturally on the frame e (sections).
It has been shown 4 that fermionic particle mass ratios may be obtained using a substratum solution and related symmetric subspaces of the coset K G G + = .
We have chosen that the substratum matter be referred to itself. In this manner, the local matter frame e b , referred to the reference frame e r becomes the group identity I. Actually this generalizes comoving coordinates (coordinates adapted to dust matter geodesics). 5 We adopt coordinates adapted to local substratum matter frames (the only non arbitrary frame is matter itself, as are the comoving coordinates). If the frame e becomes the identity I, the substratum current density becomes a constant.
At the small distance λ, characteristic of excitations, the elements of the substratum, both connection and frame, appear symmetric, independent of space time. These are the necessary conditions for the substratum to locally admit a maximal set of Killing vectors 6 of the space-time symmetry of the connection (and curvature). This means that there are space-time Killing coordinates such that the connection is constant non zero in the small region of particle interest. A flat connection does not satisfy the field equation. The excitations may always be taken around a symmetric non zero connection. If we look at the left side of the field equation 2 we notice that for a constant connection form ω, the expression reduces to triple wedge products of ω with itself, which may be put in the form of a polynomial in the components of ω. This cubic polynomial represents a self interaction of the connection field since it may also be considered as a source for the differential operator. Substratum solutions of this field equation are discussed in the appendix. They provide constant parameters for the fluctuation equations of the geometric field equation.
Particular Excitation Solution
In particular, we assume a connection excitation with algebraic components only in the complex Minkowski plane K k . These excitations exist around a constant odd complex solution which was constructed in the appendix by extending the real substratum solution to complex functions. The connection form, in terms of the geometrical fundamental unit of length is
Given a representation, a solution to these coupled linear equations may always be found in terms of the Green's function of the differential operator and the current excitation δJ, which may be an extended source. In order to decouple the equations, it is necessary to assume that δω ρ ρ vanishes. If this is the case then all equations are essentially the same and the solution is simplified.
We shall restrict ourselves to consider the equation for a unit point excitation of the odd current and its solution which is the Green's function. If we assume a time independent excitation with spherical symmetry, the only relevant equation would be the radial equation. Since ω ± is constant, it represents an essential singularity of the differential equation, an irregular 3 singular point at infinity. The corresponding solutions have the exponential Yukawa behavior. Let us interpret that the absolute value ω ± of the curved substratum gives an effective range ω −1 to the linear excitations. Equation (2) time independent for a point source is, designating the fluctuation as a weak field W, ( )
where we explicitly recognize that the current fluctuation is of order α or equivalently of order charge squared. Furthermore, we realize that the assumed excitation is the odd part of an su(2) Q representation and should explicitly depend on the odd part of the charge. The geometric charge that enters in this first order perturbation equation is the su(2) Q charge defined by the original nonlinear unperturbed equation, which is the electric charge quantum e=1. We should define a g factor that expresses this geometric charge quantum in terms of its odd component, as a unit of a weak charge. The factor (αg) 2 is not part of the δ function which represents a unit odd charge. This equation may be divided by (αg) 2 , obtaining the equation for the odd excitations produced by the unit point odd charge or equation for the Green's function,
We may define a new radial coordinate r=αgx 
The range − µ may be evaluated using eq. (2),
Massive SU(2) Excitations.
The su(2) Q connection excitations may be considered functions over the sphere SU(2)/U(1). In similarity with the quantization of the angular momentum, we concluded in a previous paper 7 that the SU(2) Q electromagnetic excitations have indefinite azimuthal directions but quantized polar directions determined by the possible translation values on the sphere. The internal direction of the potential A must be along the possible directions of the electromagnetic generator E in su(2) Q as indicated in the figure. The A components must be proportional to the possible even and odd translations. In consequence, the total A vector must lie in a cone defined by a quantized polar angle θ relative to an axis in the even direction and an arbitrary azimuthal angle.
The fundamental state that represents an electromagnetic quantum is the SU(2) Q state with charge +1, corresponding to the ½, ½ eigenvalues of the electromagnetic rotation. The corresponding θ angle is ( ) ( )
The su(2) connection excitations over the bidimensional sphere SU(2)/U(1) are generated by the − E odd generators.
The complex charged raise and lower generators − E ± are defined in terms de the real generators,
which raise or lower the charge q of an eigen state as follows
Therefore, these excitations, defined as representations of the SU(2) Q group, require a substratum with a preferred direction along the even quaternion q 3 in the su(2) Q sector. Only the complex solution discussed in the appendix, eq. (46), gives an adequate substratum. We shall call this substratum the odd complex substratum.
The odd complex substratum solutions in the su(2) sector reduce to
and should correspond to the two − E odd sphere generators. This odd su(2) subspace generated by the complex external solution is physically interpreted as an SU(2) electromagnetic substratum, a vacuum, with potential 
. (18)
The g factor that expresses the geometric charge quantum in terms of its odd unit component is csc g θ = On the other hand, the excitation ranges should be provided by the excitation field equation (2) as the absolute value of some substratum connection. The odd complex substratum admits a related substratum with an additional even component + ω connection that should provide the value of the smaller range µ −1 . This even part + ω increases the modulus of the total connection. The possible value of + ω should correspond to the allowed value of the total substratum connection absolute value µ. We shall call this substratum the secondary complex substratum.
The value µ 2 represents the bound energy of a complete (with its three components) su(2) Q fundamental excitation around the secondary complex substratum with equation
Since the orientations of the potential A and the background connection ω are quantized, their decompositions into their even and odd parts are fixed by the representation of the connection. Therefore this µ 2 energy term may be split using the characteristic polar angle θ, ( This energy µ may not be decomposed without dissociating the complete su(2) excitation due to the orientation quantization of its components. If the complete excitation is disintegrated into its partial components, the corresponding equation for the even component separates from the odd sector in K, as indicated in eq. (2), and has an abelian connection. Therefore, no mass term appears in the even component equation, physically consistent with the zero mass of the photon. The energy associated to + ω in the κ 5 direction is available as free energy. For a short duration the splitting takes energy from the substratum. On the other hand, − µ corresponds to the odd complex substratum and when the complete excitation is disintegrated, the energy appears as the mass term in the coupled equations (2) associated to the pair of odd generators
We may neglect the coupling term L 1 , as was done previously in eq. (2)), so that the equation may approximately be written
The fundamental real fermionic solution that represents the proton has a mass (energy), given by eq (34) as indicated in the appendix, 
Let us define a monoexcitation as an excitation that is not a complete SU(2) Q representation and is associated to a single generator. A collision may excite a resonance at the A fundamental connection excitation energy m A determined by the secondary complex substratum. The fundamental connection excitation A which is an SU(2) representation may also be dissociated or disintegrated in its three components ( 
which allows the calculation of mass quotients. The solution corresponds to the local moving frame rest system, where all derivatives are assumed zero in the non linear differential operator. The value of m g is determined by the only remaining connection contribution to the field equation left side, which is the connection triple product in the covariant derivative,
The real substratum is obtained by restricting the generators E to the orthonormal set κ α . The definition of mass in terms of the Cartan-Killing metric is ( )
and gives a relation between the fundamental inverse length of the geometry m g and the mass of a fundamental particle, which we take as the proton, The symmetric space K has a complex structure 10 . The center of G, which is not discrete, contains a generating element κ 5 whose square is -1. We shall designate by 2J the restriction of ad(κ 5 ) to the tangent space TK k . This space, that has for base the 8 matrices κ α , κ β κ 5 , is the proper subspace corresponding to the eigenvalue -1 of the operator J 2 , or,
The endomorphism J defines a complex structure over K. The real substratum connection may be extended to the complex field using this complex structure a a E ω ω ωκ
where we indicate the eight K space generators by E a . If we restrict the latin generator indices from 1 to 9 we may write the left side of the field equations with the single contribution of the connection triple product, 
The total sl(4,R) odd vector subspace, spanned by κ α and κ 5 κ β , is isomorphic to K k , the tangent space of the symmetric coset K at a point k. The complex structure allows us to define a complex metric in its tangent space using the Cartan-Killing metric. Thus, the total sl(4,R) odd vector subspace may be considered as a complex Minkowski space with metric η,
Since the generator κ 5 commutes with the even sector and generates the complex structure, eq. 
We may represent the odd complex substratum connections ω ± given by this solution as points on the complex Minkowski space K k , with equal moduli, ( ) 
provide a quaternion base on a compact subspace for the subalgebra su(2) Q .
If we assume that the connection even component 
Connection Excitations
To obtain field excitations we perform perturbations of the geometric objects in the field equations. Then the linear differential equation for any perturbation of the connection takes the general form ( ) 
